Introduction
Current systems of cattle nutrition mostly deal with the digestion of feedstuffs (Tamminga et al, 1994) . These systems predict the available quantities before or after absorption in the digestive tract of nutrients either aggregated or individually (lysine and methionine in the French PDI system (Rulquin et al, 1993) or ten essential amino acids in the Cornell system (O'Connor et al, 1993) ). Intermediary metabolism is generally treated with a factorial approach to balance supply with requirement (INRA, 1988; Tamminga et al, 1994) . Even though a nutrient-response system to amino acid availability has been built by Rulquin and co-workers (Rulquin et al, 1993) (Forbes and France, 1993) . To predict a phenomenon at a given level, here the whole animal amino acid fate, protein and amino acid utilizations are described at organ or even cellular levels. However, the concept of mechanistic has a relative meaning. All parameters in the model are estimated from literature values and they can be considered as the aggregation of sub-phenomena, which is in fact the case in all mechanistic model.
A dynamic model
Since the driving force of this model is milk production level and that this value is determined by the number of days in lactation, the model is dynamic (Forbes and France, 1993) .
A deterministic model
All the parameters in the dynamic differential equations describing the behaviour of the model have constant values. Consequently, the model is deterministic. This is raising the question of the knowledge concerning each parameter (see section «Parameterization»).
Building of the model diagram
The mainframe of the model is based on a work between Sauvant and Phocas (Sauvant et al, unpublished) . This first model intends to describe simply the energy metabolism of the lactating cow. It is organized with two different levels: an operating subsystem and a regulating one (Sauvant, 1994) . The . Nevertheless (Backwell, 1994 Moigne (1990) : this system is not only based on fluxes and compartments but also there is a subsystem of decision which alleviates the fluxes between compartments. It influences the operating subsystem according to the genetic merit of the animal and the prioritary function changes in the animal metabolism during the whole lactation. A series of hypotheses have been used to build this theoretical subsystem of hormonal effects as described in the above section and they are explained in details by Sauvant (1994) . As an example, this subsystem could influence the amino acid uptake by the mammary glands according to the «pull» hypothesis. This assumption states that this is the activity of the mammary gland metabolism which determines the quantity of amino acid taken up by this organ (Knight et al, 1994 (Knight et al, 1994) was also taken into account by a variable fractional uptake ratio, depending on the milk production level. Therefore this parameterization was a mix between a mechanistic approach and available measurements.
In conclusion, one rule should be followed: the background of a parameter in a biological model should be deeply questioned before it is included (Emmans, 1995 (Emmans, 1995 As an example, amino acid uptake by the mammary glands, expressed as a fractional rate, is variable depending on the level of milk production and on the amino acid considered with a first statistical approach (Figure 3a , Lescoat and Sauvant, 1994) . However, these relationships were obtained by pooling data measured either on blood and on plasma and the blood values were systematically lower both for milk production and for the fractional uptake rate compared with the plasma ones. By discarding the blood values, the previous models were no longer valid (Figure 3b , Lescoat et al, 1996) . Therefore, in the model the fractional amino acid uptake rate should be assumed constant. Nevertheless, the amino acid fractional uptake was chosen variable to obtain relevant simulations (see section «General behaviour»).
A second example is the prediction of protein fractional synthesis rate. Several factors such as the tissue considered, the utilised amino acid, the precursor pool and the nutritional level are influencing its values (SAS, 1987) or the SimuSolv package (Steiner et al, 1990 (Murphy et al, 1982 ).
An alternative solution in front of a lack of data on the studied animal is to use either data from other species or in vitro data. However, for the former it can be argued that metabolism can be different in each species like for glucose in monogastrics and ruminants (Danfaer et al, 1995 (Lescoat et al, 1996) . Secondly, the amino acid uptake fractional rate, which was constant, influences the quantity taken by the mammary glands. However, as expected from the &dquo;pull&dquo; hypothesis (Knight et al, 1994) Figure 5 ). The goal is to find the closest flux or variable influenced by the tested parameter. An additional problem with this model is that it covers the whole lactation period. Therefore, the period of the output should be any day during the simulation. This was not the case in rumen steady-state models where the outputs were aggregated sums at the end of the simulation period. To solve this time-dependent sensitivity, a two-step proposal can be tested for the lactating cow model. Firstly, each output can be added from the beginning to the end of lactation. For example, protein compartment anabolism would be represented by the sum of the protein compartment inputs during the whole lactation. From this first approach, the tested parameters can be qualified to influence the whole lactation simulation process.
Secondly, the sensitivity of the model can be tested on a day-by-day approach. This possibility is well documented in the SimuSolv package (Steiner et al, 1990) where they defined this sensitivity as local opposed to a global sensitivity ( Figure 5 ).
For parameters that can be studied alone, the usual approach of changing the value of this parameter and observing the models behaviour seems sufficient. For example, Neal et al (1992) .
To conclude, the internal validation steps are in fact several steps to test the relevance of the model structure (Neal et al, 1992) , its stability to initial conditions and parameter changes. (Gibb et al, 1992 (INRA, 1988) . However these amino acids are transported through the intestinal wall before they reach the portal blood and the extent of the portal drained viscera withdrawal of amino acids has to be taken into account. Therefore, (Sorensen, 1990 (Greco,1986) .
Building of relevant whole-cow metabolism models is a long-term process. The question of whether these models can be of some help to build new feedstuff evaluation systems is open to debate. This paper can be a contribution to this exchange of ideas thanks to the discussion of the complexity of the processes involved in modelling animal metabolism.
